A Gram-stain-negative, aerobic, rod-shaped and yellow-pigmented bacterial strain, designated TX0405 T , was isolated from an automotive air conditioning system. Colonies were circular, convex, semi-translucent, smooth and yellow. The strain grew at 20-28 C (optimum, 28 C), at pH 6.0-7.5 (optimum, pH 6.5) and in the presence of 0-1 % (w/v) NaCl. Phylogenetic analysis based on 16S rRNA gene sequence indicated that the strain was grouped with the members of the genus Spirosoma, with the sequence similarities of 93.0 and 92.3 % with Spirosoma panaciterrae DSM 21099
The genus Spirosoma (family Cytophagaceae, order Cytophagales, class Cytophagia, phylum Bacteroidetes) was first described by Larkin and Borrall in 1984 [1] . At the time of writing, the genus comprises 18 species, including five recently described species, Spirosoma carri [2] , Spirosoma knui [3] , Spirosoma lacussanchae [4] , Spirosoma luteolum [5, 6] and Spirosoma swuense [7] . In the members of this genus, cells are Gram-stain-negative, motile or non-motile. The species of the genus produce yellow or orange, diffusible or non-diffusible pigments which do not belong to the flexirubin type. The major respiratory quinone is MK-7 and the predominant fatty acids are summed feature 3 (iso-C 15 : 0 2-OH and/or C 16 : 1 !7c), C 16 : 1 !5c, iso-C 15 : 0 and C 16 : 0 . The G+C content of the genomic DNA is 47.2-57.0 mol%.
During an analysis of microorganisms causing odour in the air conditioning system of a vehicle, a yellow-pigmented bacterial strain, TX0405
T , was isolated. The air conditioning system of the vehicle was composed of the compressor, condenser, evaporator, thermal expansion valve and drier. Heat between the ambient air and the refrigerant in the air conditioning system are exchanged via the evaporator. TX0405 T was isolated from the evaporator. Using sterilized longnosed pliers, aluminium heat exchanger fins of the evaporator were harvested. The harvested aluminium heat exchange fins were blended with phosphate buffered saline (pH 7.4). The blended phosphate buffered saline was plated on R2A agar using the standard dilution plating technique. After 7 days of incubation at 28 C, a yellow colony was picked and purified.
The partial 16S rRNA gene of TX0405 T was amplified via colony PCR using forward primer 27F and reverse primer 1492R [8] . The sequencing was performed using the sequencing primers 519R, 926F [9] and 1055R [10] . The 16S rRNA gene sequence was determined using the SeqMan software (DNASTAR). The 16S rRNA gene sequence of TX0405
T was compared with sequences of bacterial type strains from the database of the EzBioCloud server [11] . The sequences from TX0405
T and related taxa (retrieved from the NCBI database) were aligned with SINA (v1.2.11) according to the SILVA seed alignment [12] . Phylogenetic trees were reconstructed by the neighbour-joining method [13] , the maximum-likelihood method [14] and the maximum-parsimony method [15] using the MEGA7 software program [16] . The topologies of each tree were evaluated by using bootstrap resampling methods based on 1000 replications [17] . The neighbour-joining tree was reconstructed using the Kimura two-parameter model [18] with gamma-distributed and pairwise deletion option. The maximumlikelihood tree was reconstructed using the Kimura twoparameter model, nearest-neighbour-interchange heuristic method and partial deletion option. The maximumparsimony tree was reconstructed using the subtreepruning-regrafting algorithm and partial deletion option. T was grouped with members of the genus Spirosoma (Fig. 1) . Also, the phylogenetic trees obtained by the maximum-likelihood method and maximum-parsimony methods showed a clear placement of TX0405
T within in the genus Spirosoma.
TX0405
T clustered with Spirosoma swuense JBM2-3 T , Spirosoma panaciterrae DSM 21099
T and Spirosoma aerolatum PR1012K T in the maximum-likelihood tree and the maximum-parsimony tree.
Gram staining was carried out using a Color Gram 2 kit (bioM erieux) according to the manufacturer's instructions. Cell morphology was observed by inverted light microscope (AXIO; Zeiss), using cells grown on R2A agar at 28 C for 3 days. Growth on different media was determined on R2A agar, Luria-Bertani agar (LB), nutrient agar (NA) and trypticase soy agar (TSA) at 28 C for 12 days. Growth under anaerobic conditions was tested by culturing the strain on R2A agar plates in an anaerobic jar at 28 C for 12 days. Growth at different temperature (4, 10, 15, 20, 25, 28, 37, 40 and 45 C) was assessed after 7 days of incubation in R2A broth. Growth at various pH values was determined after 7 days of incubation at 28 C in R2A broth adjusted to pH 5.0-10.0 at intervals of 0.5 pH units by using citrateNaH 2 PO 4 buffer (pH 5.0-6.0), NaH 2 PO 4 -Na 2 HPO 4 buffer (pH 6.5-8.0), Tris-HCl buffer (pH 8.5-9.0) and Na 2 CO 3 -NaHCO 3 buffer (pH 9.5-10.0) [19] . Tolerance to NaCl was tested in R2A broth supplemented with 0, 0.25, 0.50, 0.75, 1.0, 1.5 and 2.0 % NaCl (w/v) after 7 days of incubation. For pigment analysis, cells grown on R2A agar for 3 days at 28 C were scraped from the R2A agar surface and acetone extraction was performed according to the method of Denner et al. [20] . Pigment absorption spectra were observed using a NanoDrop 2000c spectrophotometer (Thermo Scientific). The presence of flexirubin-type pigments was examined as described by Bernardet et al. [21] . Oxidase and catalase activities were assessed using Oxidase Reagent and ID Colour Catalase Reagent, respectively (bio-M erieux). Hydrolysis of casein, cellulose, chitin, DNA and starch was determined according to the methods of Smibert and Krieg [22] after 12 days of incubation. Antibiotic susceptibilities were determined by the disc diffusion method on R2A agar plates. Utilization and fermentation/oxidation of various carbon-sources and enzyme activities were assessed using API 20NE, API 20E and API ZYM tests according to the manufacturer's instructions (bioM erieux).
Cells of TX0405
T and the reference strains (Spirosoma panaciterrae KACC 14098
T and Spirosoma swuense KCTC 52176 T ) grown on R2A agar at 28˚C for 3 days were used for API tests. The API 20NE and API 20E tests were read after 3 days incubation at 28˚C. The API ZYM tests were read after 4 h incubation at 37˚C. Cells of TX0405
T were Gram-stain-negative, aerobic, rod-shaped and 3.4-6.8Â0.6-0.9 µm in size (Fig. S1 , available in the online version of this article). Colonies were circular, convex, semi-translucent, smooth and yellow on R2A agar plates. The strain grew on R2A, TSA, NA and LB; on R2A at 20-28 C, pH 6.0-7.5 and 0-1.0 % (w/v) NaCl. Optimal growth occurred at 28 C, pH 6.5 and 0-0.5 % (w/v) NaCl. TX0405
T produced yellow pigments with wavelength absorbance spectral peaks at 454 and 483 nm. Flexirubin-type pigments were not produced. The strain was positive for catalase and oxidase. Casein, cellulose, chitin, DNA, gelatin and starch were not hydrolyzed. TX0405
T was resistant to the following antibiotics (concentrations in µg ml T was susceptible to ampicillin (33), chloramphenicol (60), erythromycin (15) , penicillin G (10), rifampicin (15) and tetracycline (50).
Nitrate was not reduced to nitrite and indole was not produced. The results of morphological, physiological and biochemical characteristics that differentiate TX0405
T from related reference strains are listed in Table 1. DNA G+C content (mol%) was determined by the fluorometric method described by Gonzalez and Saiz-Jimenez [23] . Four bacterial strains were used to construct the calibration curve: Bacillus licheniformis KCTC 1918 T , Bacillus subtilis subsp. subtilis KCTC 3135 T , Corynebacterium glutamicum KCTC 1445
T and Micrococcus luteus KCTC 3063 T . The genomic G+C content of TX0405 T was 51.9 mol%, which was within the range of values for members of the genus Spirosoma.
Respiratory quinones were extracted according to the method of Komagata and Suzuki [24] and analyzed using reversed-phase HPLC with a YMC ODS-A (250Â4.6 mm) column. The respiratory quinones were eluted by a mixture of methanol and 2-propanol (1 : 1, v/v) using a flow rate of 1 ml min À1 at room temperature and detected by UV absorbance at 270 nm. The predominant respiratory quinone of TX0405
T was MK-7, which is common characteristic of members of the genus Spirosoma. MK-6 (4 %) was also present.
The cellular fatty acid profiles of TX0405
T and the reference strains were determined using cells grown on R2A agar at 28 C. At the exponential phase of growth, cells were harvested. Fatty acids were saponified, methylated and extracted using the standard MIDI protocol (Sherlock Microbial Identification System, version 6.2B). The fatty acids were analysed by GC (model 6890, Hewlett Packard) and identified using the TSBA6 database of the Microbial Identification System [25] . The fatty acid profiles of
TX0405
T and closely related species of the genus Spirosoma are shown in Table 2 . The major fatty acids were summed feature 3 (C 16 : 1 !7c and/or C 16 : 1 !6c) (33.2 %), C 16 : 1 !5c (25.4 %), iso-C 15 : 0 (15.0 %), C 16 : 0 (6.5 %) and iso-C 17 : 0 3-OH (6.2 %), which are the predominant fatty acids of the phylogenetically related species of the genus Spirosoma. iso-C 13 : 0 was only observed in TX0405
T . 
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Algoriphagus alkaliphilus DSM 22703 T (jgi.1049043) Polar lipids were extracted according to the procedures described by Minnikin et al. [26] and separated by two-dimensional TLC using chloroform/methanol/water (65 : 25 : 3.8, by volume) for the first dimension and chloroform/methanol/acetic acid/water (40 : 7.5 : 6 : 1.8, by volume) for the second dimension as described by Embley and Wait [27] . The total lipids were identified by staining the plates with 10 % ethanolic molybdophosphoric acid [26] . The different spots were identified by using following specific reagents: ninhydrin for aminolipids; molybdenum blue for phospholipids. TX0405 T contained major amounts of phosphatidylethanolamine (PE) and an unidentified aminophospholipid (APL2). Additionally, small amounts of an unidentified aminolipid (AL), three unidentified lipids (L1-3) and an unidentified aminophospholipid (APL1) were detected (Fig. 2) . PE was the predominant polar lipid of TX0405
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T and reference strains of members of the genus Spirosoma.
The results of the phylogenetic analysis support the hypothesis that TX0405
T represents a member of the genus Spirosoma. TX0405
T has main characteristics typical of members of the genus Spirosoma. Cells of TX0405
T produce nondiffusible yellow pigments that do not belong to the flexirubin type. TX0405
T contains summed feature 3 (C 16 : 1 !7c and/or C 16 : 1 !6c), C 16 : 1 !5c, iso-C 15 : 0 , C 16 : 0 and iso-C 17 : 0 3-OH as the major fatty acids and MK-7 as the predominant respiratory quinone. However, the strain could be distinguished from the reference strains of species of the genus Spirosoma on the basis of its low 16S rRNA gene sequence similarity, the presence of iso-C 13 : 0 and its phenotypic characteristics such as temperature and pH range for growth, positive enzyme activities of catalase, a-mannosidase and a-fucosidase, positive assmiliation of D-glucose and maltose, negative assimilation of D-mannose and N-acetyl-D-glucosamine, positive fementaion/oxidation of sucrose and T . Data were obtained during this study unless otherwise indicated. All strains are positive in tests for acetoin production, aesculin hydrolysis, activities of acid phosphatase, alkaline phosphatase, cystine arylamidase, esterase (C4), esterase lipase (C8), leucine arylamidase, naphtol-AS-BI-phosphohydrolase, trypsin, valine arylamidase, a-chymotrypsin, a-galactosidase, a-glucosidase, b-galactosidase, b-glucosidase and N-acetyl-b-glucosaminidase. All strains are negative in tests for citrate utilization, gelatin hydrolysis, glucose fermentation, H 2 S production, indole production, nitrate reduction, assimilation of adipic acid, capric acid, D-mannitol, L-arabinose, malic acid, phenylacetic acid, potassium gluconate and trisodium citrate, fermentiaon/oxidation of amygdalin, D-mannitol, D-sorbitol, isositol, L-arabinose and L-rhamnose. All strains are negative for activities of arginine dihydrolase, gelatinase, lipase (C14), lysine decarboxylase, ornithine decarboxylase, tryptophan deaminase, urease and b-glucuronidase. All strains are resistant to bacitracin, kanamycin, neomycin, polymixin B and streptomycin. All strains are susceptible to ampicillin, chloramphenicol, erythromycin, penicillin G and tetracycline. +, Positive; À, negative; R, resistant; S, susceptible. [28] . †Data from Joo et al. [7] .
melibiose and negative fermentation/oxidation of D-glucose.
On the basis of the results of the polyphasic analysis, TX0405 T represents a novel species of the genus Spirosoma, for which the name Spirosoma metallilatum sp. nov. is proposed.
DESCRIPTION OF SPIROSOMA METALLILATUM SP. NOV.
Spirosoma metallilatum (me.tal.li.la¢tum. L. neut. n. metallum metal ; L. part. adj. latus -a -um carried ; N.L. neut. part. adj. metallilatum metal-borne).
Cells are Gram-stain-negative, aerobic and rod-shaped. Colonies on R2A agar are circular, convex, semi-translucent, smooth and yellow. Aerobic growth occurs on R2A, TSA, NA and LB agar. Growth occurs at 20-28 C (optimum, 28 C), pH 6.0-7.5 (optimum, 6.5) and 0-1 % (w/v) NaCl (optimum, 0-0.5 %). Catalase-positive and oxidase-positive. Casein, cellulose, chitin, DNA and starch are not hydrolyzed. Nitrate is not reduced to nitrite. Acetoin is produced, but indole and H 2 S are not produced. Aesculin is hydrolyzed, but gelatin is not hydrolyzed. Citrate is not utilized. Produces acid phosphatase, alkaline phosphatase, cystine arylamidase, esterase (C4), esterase lipase (C8), leucine arylamidase, N-acetyl-b-glucosaminidase, naphthol-AS-BIphosphohydrolase, trypsin, valine arylamidase, a-chymotrypsin, a-fucosidase, a-galactosidase, a-glucosidase, bgalactosidase, b-glucosidase and a-mannosidase. (20) . Susceptible to the following antibiotics (µg ml À1 ): ampicillin (33), chloramphenicol (60), erythromycin (15) , penicillin G (10), rifampicin (15) and tetracycline (50). The major cellular fatty acids are summed feature 3 (C 16 : 1 !7c and/or C 16 : 1 !6c), C 16 : 1 !5c, iso-C 15 : 0 , C 16 : 0 and iso-C 17 : 0 3-OH. In addition, iso-C 13 : 0 is detected. MK-7 is the predominant respiratory quinone. Predominant polar lipids are phosphatidylethanolamine (PE) and an unidentified aminophospholipid (APL2). Additionally, small amounts of an unidentified aminolipid (AL), three unidentified lipids (L1-3) and another unidentified aminophospholipid (APL1) are present.
The type strain, TX0405
T (=KACC 19012 T =NBRC 112493 T ), was isolated from an automotive air conditioning system in Korea. The DNA G+C content of the type strain is 51.9 mol%.
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